original article rence of a specific type of late reaction. In order to compare the prevalence of the analysed categories depending on the type of late radiation-induced response tested, the nonparametric Chi-square test was used (for qualitative variables). The significance level in all tests was assumed as p = 0.05. The Statistica 13.1 programme was used for statistical analysis (StatSoft Polska).
results

Survival analysis
Multivariate regression with Cox models, which determines the effect of the intensity of early radiation-induced reaction on survival, did not demonstrate an effect on the parameters assessed on overall survival in patients with acute radiation-induced reaction. Similarly, no effect of the number of late complications on survival was found in patients with late radiation-induced reaction. The results are shown in Tab. III.
Assessment of acute radiation-induced reaction
In Spearman's rank analysis, found was a negative correlation of the influence of dosage in the postoperative site on the onset of radiation-induced reaction and positive correlation of the dose in the postoperative site on the severity of reaction and the healing time of radiation-induced reaction (the higher the dose, the earlier the reaction; it was also more intense and took longer to heal). A positive correlation of the influence of dosage in the nodal region on the maximum severity of reaction was also demonstrated (the higher the dose, the greater the severity of reaction). The results were statistically significant (Tab. IV.).
The influence of epidemiological factors on the intensity of radiation-induced reaction was also analysed. It was found that the intensity of radiation-induced reaction was not affected by age, primary tumour localisation or level of performance according to WHO score. However, the effect of gender on both the time of reaction's occurrence, severity of reaction and healing time of reaction was demonstrated. In men, the reaction appeared earlier than in women (median in men -2 weeks vs median in women -3 weeks), it was more severe (median in men -grade 3 vs median in women -grade 2) and took longer to heal (median in men -10 weeks vs median in women -8 weeks). The influence of the stage The scope of surgery was dependent on the initial stage of disease on the Tumour, Node and Metastasis (TNM) staging system and consisted in the excision of tumour, salivary gland with tumour, salivary gland with selective or radical lymphadenectomy, unilateral or bilateral. All patients were found with locally advanced primary salivary gland cancer and distant metastases were excluded. All patients were qualified for complementary radio-or radiochemotherapy using the radiation methods available at the time (2D -two-dimensional technique, 3D conformal -three-dimensional technique, IMRT technique -Intensity Modulated Radiation Therapy -a technique with modulation of dosage intensity). The median total dose was 60 Gy (40-72Gy . Among 126 patients, 113 patients were examined for at least one of the parameters of acute radiation-induced mucosal reaction (onset of reaction, time of maximum intensity, severity and healing time of reaction), all of which were determined in 98 patients. The onset of intensity of reaction, time of maximal intensity and healing time of reaction were counted in weeks from onset of radio-or radiochemotherapy, and the degree of the highest intensity was determined using RTOG criteria (Radiation Therapy Oncology Group) [5] . Data regarding the late radiation-induced reaction included the history of disease in only 91 patients, of whom 85 were also treated with acute radiation. The number of patients in particular groups is shown in Fig. 1 . On the basis of documentation alone it was only possible to reliably demonstrate that a late reaction occurred without a precise indication of the time of occurrence and severity. It should only be noted that the presence of reaction indicated its occurrence in at least grade II in RTOG score [5] . The lack of reaction assessment in the remaining group of patients results from the lack of medical information regarding the reaction. Epidemiological and clinical characteristics of patients are shown in Tab. I. and II.
The first stage of statistical analysis was to show whether the radiation-induced reaction had a direct impact on survival. To this end, a group of patients with no progression of disease was distinguished. There were 84 patients who remained in this group by the end of the follow-up period. The Cox proportional-hazards model was used to analyse the influence of continuous independent variables on survival times. A correlation analysis was successively performed as regarding the dose in the postoperative site and the dose in the nodal region with the beginning, end and severity of early radiation-induced reaction and the fact of late radiation-induced reaction. Spearman's rank-order correlation was used for this purpose.
Non-parametric Mann-Whitney and Kruskal-Wallis tests were used to analyse the effect of various parameters on acute radiationinduced reaction (onset of reaction, time of maximum intensity, severity and healing time of reaction). The Mann-Whitney U test (for independent variables) was used to compare the differences between two groups of patients, and the Kruskal-Wallis test -to compare the differences between many groups of patients.
Non-parametric Mann-Whitney U test (for independent variables) was used to analyse the effect of various parameters on the occur- original article with regional nodes (0/5, 0%) or site alone (0/8, 0%). Also, fibrosis was more frequent in patients irradiated bilaterally (11/15, 73%) than unilaterally to the whole neck (3/14, 14%), site with regional nodes (3/6, 50%) or site alone (4/10, 40%). In turn, tissue swelling occurred more frequently in patients irradiated bilaterally (12/15, 80%) and to the site with regional nodes (6/8, 75%) than unilaterally to the entire neck (6/13, 46%) or the site alone (2/8, 25%).
It has also been shown that the time from surgery to irradiation longer or equal to 9 weeks results in lower risk of tissue oedema than the time from surgery to irradiation shorter than 9 weeks. Among patients with a longer break after surgery (≥ 9 weeks), oedema occurred in 8/21 (38%) patients, while in patients with shorter intervals after surgery (<9 weeks), oedema occurred in 18/25 (72%) patients. The results were statistically significant (Tab. VI.).
Dry mouth occurred in patients with a higher degree of acute radiation-induced response (median -grade 2, lower quartile -grade 2, upper quartile -grade 3) and did not occur in patients with a lower degree of acute radiation-induced reaction (mediangrade 2, lower quartile -grade 1, upper quartile -grade 2). Xerostomia also concerned patients who experienced longer healing of acute radiation-induced disease (median -10 weeks) and did not concern patients in whom healing of acute radiation-induced reaction lasted shorter (median -8 weeks). In turn, oedema occurred in patients in whom acute radiation-induced reaction appeared earlier (median -2 weeks), and did not occur in patients whose acute radiation-induced reaction appeared later (median -3 weeks). Furthermore, skin discolouration occurred earlier in patients with acute radiation-induced reaction (median 2 weeks, lower quartile -2 weeks, upper quartile -3 weeks), and did not occur in patients in whom acute radiation-induced reaction appeared later (median -2 weeks, lower quartile -2 weeks, upper quartile -2 weeks). Skin of disease on the time of maximum appearance of reaction was also shown. In patients in stage I, the maximum intensity of reaction was revealed later than in patients in other stages (median in stage I -6 weeks vs median in stages II-IV -4 weeks). However, no statistically significant effect of the scope of surgical procedure or the length of interval between surgery and radiotherapy on the intensity of reaction was demonstrated.
In analysis of the influence of irradiation area on the severity of acute radiation-induced reaction, it was shown that in patients subject to lymph node irradiation on both sides of the neck, the maximum intensity of radiation-induced reaction occurs earlier (median 4 weeks) than in patients irradiated to other areas (median 5 weeks). Furthermore, a statistically significant difference was demonstrated between patients irradiated in different treatment planning techniques. In patients irradiated in IMRT, the reaction appeared later than in 2D and at the same time as in 3D (median 4 weeks in IMRT and 3D vs median 2 weeks in 2D), achieved the maximum later than in other techniques (median 5 weeks in IMRT vs 4 weeks in 2D and 3D) and healed faster (median 8 weeks in IMRT vs 9 weeks in 3D and 10 weeks in 2D). In the case of other parameters, the differences were not statistically significant (Tab. V.).
A statistically significant effect of the applied concurrent chemotherapy on the severity of acute radiation-induced reaction was demonstrated. The influence of chemotherapy on the remaining parameters (onset of reaction, time of maximum intensity, and healing time of reaction) was not statistically significant (p > 0.05).
Assessment of the occurrence of late radiation-induced reaction
Skin discolouration was more frequent in patients irradiated bilaterally (7/13, 54%) than unilaterally to the whole neck (1/11, 9%), site tab. i. Epidemiological characteristics of patients with acute and late radiation-induced reactions. N -number of patients, 2D -two-dimensional planning technology, -3D-three-dimensional planning technology, IMRT -Intensity Modulated Radiation Therapy, gr. -node group, RTOG -radiation-induced reaction score according to the Radiation Therapy Oncology Group, Gy -Gray.
original article of patients with exclusive radiotherapy and 43% after radiochemotherapy [7] . Analysis of early radiation-induced reaction has shown that the higher the total dose of radiotherapy, the earlier the reaction; furthermore, it is more severe and takes longer to heal. This is particularly important in terms of high dose in the postoperative site, i.e. the region with the highest risk of relapse. There is an undoubted relationship between the risk and the severity of acute reaction, and the dose applied [8] . With the increase of the deposited dose there is damage to DNA and changes in the microenvironment caused by chemokines, pro-inflammatory cytokines and fibrous cytokines. This causes inflammation and increases radiation sensitivity. Changed intercellular interactions and the inflow of proinflammatory cells induce repair processes and, as a consequence, healing of the reaction [9] . There are many known factors responsible for the risk of occurrence and increased severity of acute radiation-induced reaction. These include factors relevant to the patient, such as age, smoking and co-morbidities. Particularly significant comorbidities include systemic connective tissue diseases, in which the inflammatory process in the skin and subcutaneous tissue and associated fibrosis worsens radiation-induced complications. Physical parameters of the treatment plan (dose, irradiation volume, irradiated area and dose heterogeneity) and the type of treatment applied (simultaneous chemotherapy, surgical treatment) also affect the intensity of treatment [9] [10] . In the analysed group of patients, acute reaction was shown to be more severe in men, which may be associated with more frequent smoking in men. It is also more severe in patients with higher stages (II-IV grade in the TNM score), which is probably associated with a larger volume of irradiated tissue. Higher severity of reaction was also observed in patients irradiated to a larger area discolouration also affected the patients in whom acute radiationinduced reaction was more severe (median -grade 3) and took longer to heal (median -14 weeks). No change of skin colour was found in patients with less severe acute radiation-induced reaction (median -grade 2) and in patients in whom acute radiation-induced reaction healed faster (median -8 weeks). The influence of dosage on dry mouth in the nodal region was not statistically significant, but close to significance (p = 0.051) (Tab. VI.).
discussion
The analysis of retrospective results allows to conclude that standard adjuvant treatment is characterised by acceptable toxicity in both early and late radiation-induced reaction. The occurrence of reaction did not affect the most important end point, i.e. it did not cause death to a person (no complications in grade 5 in RTOG score). There was also no shortening of the survival time with severity of acute radiation-induced reaction or the occurrence of late radiation-induced reaction in patients without relapse. We did not analyse the impact of toxicity on the survival of relapsed patients, as it is difficult to distinguish the complication of treatment as a possible cause of death in patients with recurrent cancer.
Mucositis is one of the most common post-radiotherapy complications of the head and neck region. It concerns 90-100% of patients undergoing radio-or radiochemotherapy [6] . In the analysed group, acute reaction in the form of mucositis occurred in 96% of patients, of which it amounted up to 37% in grade III and IV. In the analysis of Trotti et al., grade III and IV occurred in 34% tab. iii. The influence of radiation-induced reaction on survival in patients with salivary gland cancer, subjected to radio-or adjuvant chemoradiotherapy after surgery. Cox multivariate analysis defining the influence of radiation-induced reaction on survival. x 2 -Chi square test value, p -materiality level, HR -Reliable risk (CI) -CI -Confidence Interval, RTOG -scale of radiation-induced reaction intensity according to the Radiation Therapy Oncology Group, Gy -Gray.
tab. iV. Influence of radiotherapy dosage (Spearman rank analysis) on the occurrence of acute radiation-induced reaction depending on region (postoperative site, dose in the elective lymph nodes region). original article dominant complications were tissue swelling, xerostomia, tissue fibrosis and skin discolouration. Other complications such as hearing disorders, pain in the irradiated area, neck pain, otitis media, taste disorders or bone marrow suppression were much less common. Unfortunately, the patients' documentation regarding severity of reactions were very scarce, which undoubtedly constitutes and those who received concurrent chemotherapy. The use of 3D or IMRT reduced the severity of acute radiation-induced reaction compared to 2D, which is consistent with literature data [11] .
In the analysed group of patients, late complications concerned mainly the skin, subcutaneous tissue and mucous membranes. The tab. V. The influence of individual epidemiological and clinical factors on acute radiation-induced reaction. matrix. This occurs in response to acute inflammation caused by radiation damage [18] . In response to the influx of neutrophils to the foci, there is an increased expression of intercellular adhesion molecule 1 (ICAM-1) and platelet endothelial cell adhesion molecule (PECAM-1) on the disrupted endothelial surfaces, which contributes to for extravasation of neutrophils and migration to tissues. When these cells come into contact with the fragments of collagen and fibronectin, they release pro-inflammatory cytokines, such as tumour necrosis factor-α (TNF-α), interleukin-1 (IL-1) and interleukin-6 (IL-6). This leads to a deeper inflammatory response and migration of fibroblasts to the damaged tissue.
There is thickening of the tissue, fibrosis and abnormal vascularity, which in turn leads to thinning and weakening of the skin [18] .
conclusions
Supplementary radiotherapy or radiochemotherapy in salivary gland cancer is associated with acceptable toxicity which has no effect on overall survival. The prevalence of both early and late radiation-induced reaction concerns the vast majority of patients. Dosage in the tumour bed site as well as the dosage in the nodal region affect the severity of acute radiation-induced mucosal reaction. The severity of early radiation reaction is higher in men, more advanced patients (higher T and N+ in TNM score), irradiated to a larger area, and those in whom 2-D planning and complementary chemoradiotherapy have been used. The late reaction of the skin and subcutaneous tissue was dominant in patients irradiated for a larger area and in those with more severe early radiation hypersensitivity reactions.
a limitation of the analysis. The most significant and troublesome of these complications seems to be xerostomia, which occurred in 27% in the analysed group of patients. Literature data indicate a 40% incidence of this complication [12] . The risk of dry mouth is directly related to the size of irradiated area and the dose applied [13] . The smaller the irradiated area, the greater the dose tolerated by the patient in this area. Studies indicate that the mean dose limit for the parotid gland is 26 Gy, oral mucosa (in which there are small salivary glands) -30 Gy, and submandibular gland 39 Gy [6, [13] [14] . Similarly, in the analysed group of patients, the more frequent occurrence of the above symptoms was directly related to the size of irradiated area, and to a lesser extent to the radiation dose. None of the patients treated with supplemental treatment showed osteoradionecrosis. It is a rare complication in patients with salivary gland cancer after complementary radiotherapy. In one of the studies, its occurrence was reported in 2 out of 106 irradiated patients [15] . Another complication characteristic of radiotherapy of salivary gland tumours, especially of the parotid gland, is hearing loss, which affected 6% of patients in the analysed group. Literature data indicate that sub-clinical hearing damage (up to 10dB) after radiotherapy in cancer of the parotid gland may affect 36% of patients [16] . In the analysed group of patients, there were no cases of secondary neoplasia in the irradiated area, although studies indicate that secondary cancers concern about 1% of patients and are 43% more common than in the general population [17] .
In the analysed group of patients, patients with more severe acute radiation were found with more frequent late complications. The pathomechanism of this phenomenon consists in the recruitment and activation of fibroblasts with the deposition of extracellular
